Abstract
Introduction
Pneumonia is a leading cause of mortality among children under the age of five years globally [1] . The incidence of pneumonia in children under the age of five years is 0.29 episodes per child-year, which equates 151.8 million cases annually in developing countries, a further 4 million cases occur in developed countries. Fifteen countries contribute 74% of the world's annual pneumonia cases [2] .
Childhood pneumonia remains a leading killer of children in developing countries where it accounts for up to 21% of deaths in children under the age of five years [3] . The mortality rates of children under the age of five years in most developing countries ranges from 60 to 100 per 1000 live births, one fifth of these deaths are due to pneumonia [4] . An estimated 1.9 million children die from pneumonia yearly [3, 5] . Half the world's deaths due to pneumonia in children under the age of five years occur in Africa [6] . In sub-Saharan Africa, the estimated proportion of death in children aged below 5 years attributed to pneumonia is 17-26% [1] . Kenya is currently ranked among the 15 countries with the highest estimated number of deaths due to clinical pneumonia, the mortality rate being 50.3 per 10, 000 under fives per year [2] . In Kenya, pneumonia is the second leading cause of death among children under the age of five years and causes 16% of deaths in the age group. In 2008 the country had 6,185,800 children under the age of five years, 111,000 of them are estimated to have died, 16% (n=30,000) of them died of pneumonia [7] . In Kenya, pneumonia in children under the age of five years is currently diagnosed using Integrated Management of Childhood Illness (IMCI) criteria in public health facilities [8] .
Three categories of acute respiratory illness based on severity of their clinical presentation are distinguishable by use of physical examination findings. These are: no pneumonia (cough or cold), pneumonia and severe pneumonia [9] . Approximately 13% of pneumonia cases are severe enough to require hospitalization [10] . Of all the pneumonia cases occurring in countries with high incidence, 8.7% are severe enough to be life threatening [2] . Severe pneumonia in childhood is associated with increased long-term respiratory morbidity and disease burden [11] and is more fatal than non severe disease [12] . Understanding the epidemiology of severe pneumonia has been identified as a pressing priority for public health research [13] . Risk factors for pneumonia have been classified into three groups: definite (most evidence consistently pointing to the role of the risk factor); likely (most evidence consistently pointing to the role, but with some opposing findings; or scarce but consistent evidence of the role) and possible (with sporadic and inconsistent reports of the role in some contexts [2] . Studies on the risks factors for severe pneumonia are few in the literature and done more than a decade ago [14, 15] .
We conducted this study to identify risk factors for severe pneumonia in children aged 2-59 months presenting with pneumonia in a high volume health facility in Western Kenya.
Methods

Study Site
Kakamega Provincial General Hospital is a 449-bed capacity hospital in Western Province, Kenya. It serves as a referral centre for health facilities in the province that has a population of 4,334,282 of whom 2,242,907 are females. About 67.7% of this population lives in rural areas. The province's under five-mortality rate is 121 per 1000 live births, this is the second highest among Kenyan provinces [16] .
Study Design
We conducted a hospital based unmatched case control study. Both cases and controls were recruited at the hospital's casualty department during triage. Case patients were children with severe or very severe pneumonia whereas control patients were children with pneumonia based on the integrated management of childhood illnesses definitions. Severe pneumonia was defined as children less than five years of age with fast breathing and chest wall indrawing. Very severe pneumonia were children with fast breathing and at least one of the following: inability to drink, central cyanosis or any general danger sign, severe respiratory distress or stridor in a calm child. Pneumonia were children with increased respiratory rate and audible crepitations but without features of severe pneumonia. Integrated Management of Childhood Illnesses guidelines were used to define Protein Energy Malnutrition (PEM). Data on the interval between onset of illness and first contact with a health facility was captured by obtaining the respective dates. During bivariate and multivariate analysis, delay was defined as seeking treatment from a health facility after three or more days of onset of illness.
Parents most of whom were mothers of children between 2 and 59 months of age diagnosed with pneumonia were eligible to participate in the study. We collected data on social and demographic factors, nutritional status and environmental risk factors using a structured questionnaire. The Kenya Medical Research Institute (KEMRI) ethical review committee approved the study. We obtained written informed consent from participants after a careful and complete explanation of the study content and purpose.
Sample Size
The Fleiss formula for calculating sample size for case control studies was used [17] :
The confidence level was set at 95% and power at 80%. The case to control ratio was 1:1. Using cooking fuel other than liquid petroleum gas was the risk factor used to calculate sample size (Odds Ratio=2.51, 20.6% of controls are exposed) adapted from Broor et al [15] . This factor is a common occurrence in Kenya, 84% of Kenyans and 97% of the Kenyan rural population use solid fuels for cooking and heating the household [16] . A minimum sample size of 103 cases and 103 controls was obtained. Case patients were selected by systematic random sampling and controls identified sequentially.
Data Analysis
Data was analyzed using Epi Info version 3.5.3. Bivariate analysis was done followed by unconditional logistic regression for factors with a p value equal to or less than 0.1. Odds ratios and 95% confidence intervals were computed for each exposure variable, the significance level was 0.05.
Results
One hundred and three case patients and 103 control patients were interviewed. Females made up 50.5% (number = 52) of cases and males were 53.5% (number =54) of controls. Thirty-three percent (number = 34) of case patients and control patients respectively, were aged 3-10 months;
the age distribution was comparable in the two study groups. Table 1 shows the socio-demographic characteristics of case and control patients.
The median delay from onset of illness to the time of seeking treatment in a health facility was 4 days (interquartile range = 4) for cases and 2 days (interquartile range = 5) for controls. Thirty-one percent (number = 32) of cases sought treatment within two days, 55.3% (number = 57) took 3 to 7 days and 6.8% (number = 7) took more than 15 days. Sixty-three percent (number = 58) of controls sought treatment within 2 days and 19.6% (number = 18) within 3 to 7 days. Table 2 shows results of bivariate analysis.
The following were independent risk factors for severe pneumonia after controlling for multiple potential confounders: comorbidity (Odds Ratio = Table 3 shows results of multivariate analysis.
Discussion
This study investigated risk factors for children having severe pneumonia or very severe pneumonia at their first presentation in a high volume public hospital's casualty. Independent risk factors for severe pneumonia were contact with a household member with upper respiratory tract infection symptoms, comorbidity and delay in seeking medical treatment in a health facility. Having taken antibiotics prior to the hospital visit was protective.
Those who had a member of their household with upper respiratory symptoms were about three times more likely to have severe pneumonia. A study by Broor et al had similar findings, disease in the mother had an odds ratio of 6.53 whereas if the diseased person was a sibling the odds ratio was 24 [15] . Upper respiratory tract infections are very contagious and are easily transmitted from household contacts to children. These infections are often viral in origin and predispose children to pneumonia [18] . Severity of the disease also depends on virulence and load of the pathogen; the load is usually higher when infection is from a household contact [19] .
Children who delayed to seek medical treatment in a health facility by three days or more were twice more likely to present with severe pneumonia. This finding is consistent with a study in Uganda that found the median duration of illness before care is sought to be seven days [20] .
Another study in Uganda also found the long delay in seeking medical care with majority of the respondents having tried home medication before visiting the health facility. This delay was in spite of the fact that there was prompt recognition of symptoms [21] . The progress of pneumonia is rapid and delayed intervention can lead to increased disease severity and even death [22] . The possible explanation for this delay is the various pre-hospital home treatments that children get before seeking care in a health facility. The treatments given in these circumstances are often inappropriate or inadequate. These findings are consistent with a WHO report which has identified the delay in seeking care as children are treated at home through the informal sector or by traditional healers as an important barrier to the reduction of mortality in children [23] .
Those with comorbidity were four times more likely to have severe pneumonia. Children who have a concomitant chronic illness may have their immunity lowered making them more susceptible to severe disease. Suwanjutha et al found that children with an underlying heart condition were four times more likely to have severe pneumonia [24] . Concomitant presence of protein energy malnutrition has been reported as a risk factor by some studies [15, 25] whereas others have reported lack of association [24] . In cases where the comorbidity happens to be human immunodeficiency virus, studies have shown that children who are human immunodeficiency virus infected are 40 times more likely to get pneumonia than their HIV free counterparts are. Furthermore, they are prone to infection by atypical organisms and antibiotic resistant strains [26, 27] . This study combined all the concomitant diseases as opposed to the above that considered the individual role of the concomitant diseases but our finding is in consonance with these earlier results. Rudan et al in their metaanalysis lists the presence of concomitant diseases as one of the likely risk factors for pneumonia; most evidence consistently point to the role, but there are some opposing findings [2] . Our finding, therefore, adds to the body of evidence that point to the role of comorbidity as a risk factor for the severity of pneumonia.
Home medication was quite common in this study. Receiving antibiotics at home reduced the risk of severe pneumonia. This result is comparable to a study in Uganda where 23% had received antibiotics alone and another 25% had received antibiotics in combination with antimalarials. Those who received antimalarials only were 5.5 times more likely to have severe pneumonia [21] . This finding by Hildenwall et al implies that receiving antibiotics at home protects children from severe pneumonia. In 2004, World Health Organisation recommended the treatment of non-severe pneumonia with oral antibiotics by trained community health workers at the community level [23] . A metaanalysis of clinical trials on community case management reported a 36% decline in child mortality from pneumonia when trained community health workers administered antibiotics to children under the age of five years with pneumonia [28] . An update to the above metaanalysis estimates that community case management can reduce pneumonia mortality by about 70% in children under the age of five years [29] . A recent randomized clinical trial done in rural Pakistan in which children with severe pneumonia were randomized to receive oral amoxicillin at home or cotrimoxazole and referral to a health facility showed similar levels of treatment failure in the two groups [30] . This finding suggests that severe pneumonia can be successfully treated at the community level with oral amoxicillin in resource poor settings. In spite of this overwhelming body of evidence, many developing countries including Kenya have no policy to permit and implement community case management. Kenya is estimated to have a pneumonia treatment gap of 804,000 per year in children aged under five years [31] which can be reduced by community case management implementation. A trial or pilot of CCM in our set up maybe necessary to find out if the results can be replicated locally.
Conclusion
Co-morbidity, contact with upper respiratory tract infection and delay in seeking appropriate treatment are the main risk factors for severe pneumonia while receiving antibiotics at home is protective. We recommend more health education regarding appropriate health seeking and greater interventions at the community level by engaging community health workers in pneumonia prevention, control and treatment.
Competing interests
The authors declare no competing interests.
Authors' contributions
Dickens Onyango was responsible for the conception of the problem, design, collection, analysis and interpretation of data and drafting the final article. Gideon Kikuvi, Evans Amukoye and Jared Omolo had oversight of all the stages of the research and critically reviewed the final draft for intellectual content. All the authors have read and approve the final version of the manuscript.
Acknowledgments
The study was funded by the Centers for Disease Control and Prevention (CDC) Kenya and the Ministry of Public Health and Sanitation. We thank the management of Kakamega Provincial General Hospital for allowing the study to be done in the hospital. We thank the parents and caretakers of children who participated in this study. Table 1 : socio-demographic characteristics of study participants 
Tables and figures
